Introduction
During respiration, inspired air gains approximately 75% of heat and humidity as it passes through the nose and rhinopharynx, due to the high vascularization and a large contact surface 1 . In the remainder airway segments (pharynx, larynx, trachea and bronchi), the conditioning process is completed.
Nasal obstruction, tracheotomy, intubation or laryngectomy are conditions that the passage of inspired air through the nasal cavities is impaired requiring high participation of remaining airway segments in the humidity and heat exchanges 2 .
The characteristics of the respiratory epithelium are important in the conditioning of inhaled air. The respiratory epithelium is sensitive to the action of inspired irritative factors.
Experimental researches have reported respiratory epithelial injuries of varying degrees in consequence of the inhalation of cold and dry gases as decreased mucociliary clearance;
increased mucus viscosity and dryness; ciliary disorganization, grouping or devastation; mucosa erosion, ulceration and necrosis;
inflammation and even metaplasia of the tracheal epithelium in chronic processes [3] [4] [5] .
In a previous experiment carried by our group, the real participation of the laryngotracheal segment in air conditioning was quantitatively demonstrated. Significantly, higher tracheal air absolute humidity was observed in dogs exposed to the inhalation of high fresh gas flow with inadequate temperature and humidity through a laryngeal mask airway (LMA) (23 mg H 2 O.L -1 ) than in those ventilated through an endotracheal tube (ET) (14 mg H 2 O.L -1 ). These satisfactory results were attributed to the positioning of the LMA, which is placed higher on the airway (supraglottic region) keeping the laryngotracheal segment free from contact with the inspired gases, and allowing its exposure to heat and humidity exchanges 6 . However, the performance of tracheotomy, necessary for the introduction of a thermohygrometer to monitor the temperature and humidity of the tracheal gases, did not allow morphological analyses of the tracheal epithelium.
Thus, in order to complement our previous investigation, this study aimed at describing the morphological particularities of the tracheal epithelium in dogs exposed to the inhalation of gases with low temperature and humidity to confirm the advantages of using a LMA in relation to ET.
Methods
The study was approved by the Animal Research Ethics Haemodynamic parameters (mean arterial pressure, heart rate), ventilatory parameters (respiratory rate, tidal volume, peripheral oxyhaemoglobin saturation -SpO 2 , P ET CO 2 , inspiratory pressure), tympanic temperature, temperature and both relative and absolute humidity of the inhaled gases were measured after 10 minutes of mechanical ventilation installation, and at 60, 120 and
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After three hours, the animals were euthanized by pentobarbital overdose. The laryngotracheobronchial segment was removed, and in ET group the tracheal tube was maintained to identify the exact position of its distal extremity. Biopsies measuring 0.5 X 1 cm were performed below the 5 th tracheal ring in both groups, on the inner surface of the anterior portion of the trachea. Thus, the following sites of biopsies were pre determined:
(PT -proximal trachea, MT -medial trachea and DT -distal trachea, Figure 1 ).
The fragments were examined under light and electron microscopy (scanning and transmission). The pathologist was blinded to the origin of the samples.
Three healthy male dogs were euthanized by pentobarbital overdose. The laryngotracheobronchial segments were removed and biopsies were done in the same areas to morphological control of light and electron microscopy.
Light microscopy
The histopathological analysis included the epithelium (erosion and inflammation), the basal membrane (normal or thickened), and the lamina propria (congestion, hemorrhage and inflammation). Histological parameters were quantified using a semiquantitative score: 0 (no alteration), 1 (mild alteration), 2
(moderate alteration) and 3 (intense alteration). For examination and photographic recording, a light microscope (Zeiss -Carl Zeiss do Brasil Ltda; Axiostar plus model) was used under different magnifications and images were captured by a digital camera. For TEM, the specimens were fixed in 2.5% glutaraldehyde, flushed in 0.1M phosphate buffer, pH 7.3, and added to 1% tannic acid in order to facilitate extracellular matrix visualization. Subsequently, they were sectioned into 3mm x 1mm slices on pink dental wax, wetted in 2.5% glutaraldehyde fixing solution, fixed by 1% osmium acid and 0.1M phosphate buffer, pH Significance was set at p<0.05.
Scanning and transmission electron microscopy

Results
There was no difference in dog mean weight (ET = 19.7 ± 4.7 kg, LMA = 17.5 ± 3.2 kg; p=0.37) and mean length between groups (ET = 104.8 ± 10.6 cm, LMA = 97.0 ± 7.9 cm; p=0.18).
Haemodynamic and ventilation parameters remained constant over time, with no significant differences between groups (p>0.05). 
Morphological assessment
The morphological analysis of all tracheal specimens of the control animals showed normal aspect. In light microscopy the However, in the animals of ET and LMA groups, histological changes were observed in some areas that included acute inflammation, polymorphonuclear neutrophil infiltration in the epithelium, and congestion in the lamina propria ( Figure 3 ). These findings were slightly more accentuated in ET
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group, though no statistical difference was reached (p>0.05).
Scanning electron microscopy (SEM) showed abundant ciliated cells on tracheal epithelium of the control animals and goblet cells lied between them (Figure 4 ). In ET and LMA groups were observed ciliary grouping and disorganization, without difference between groups (p=0.58) ( Figure 5 ). Neither epithelial erosion nor disruptions in basement membrane integrity were observed in any of the groups.
discussion
The main finding of this study was that ventilation via LMA gave less pronounced changes in the tracheal epithelium than ventilation via an ET in dogs exposed to the inhalation of poorly conditioned gases. Then, our study is the first one to demonstrate that the LMA seems to protect tracheal epithelium during inhalation of dry air. A system without CO 2 reabsorption with high FGF was used in an attempt to reproduce the same methods employed in our previous experiment by keeping the humidity and heat of inspired air at low levels 6 . was also used in our study.
The dog trachea has about forty cartilaginous rings that are mostly located in the cervical region facilitating access to biopsy sites. In this study, morphological evaluation was performed on biopsy fragments of the proximal, medial and distal trachea, located beneath the distal edge of the tube, avoiding the tracheal areas where there was contact with the cuff.
Damages to the respiratory epithelium secondary to the inhalation of poorly conditioned gases via an ET have been reported in several experimental studies 3, 9, 10 . During anaesthesia, the lowest absolute humidity of the inspired gases is recommended to be 23 . Thus, the levels of inspired gas humidity used in this study were lower than those considered as critical. Under these conditions, the most remarkable histological alterations observed during the short 3-hour period of exposure investigated were those No animal in any of the study groups showed more intense histological damages, such as epithelial hemorrhage and erosion.
These findings are more commonly reported in more severe epithelial injuries caused by intubation trauma and in sites where the mucosa is in contact with cuffs 13, 14 , but these areas were not examined here.
Scanning electron microscopy most commonly revealed ciliary grouping and disorganization on the epithelial surface in both groups. These alterations, attributed to low inspired gas humidity, may be observed when the mucus is thicker and dehydrated, leading to cilial adherence as described by others authors 3 . In this study, the prevalence of these alterations in the group ET could be attributed to the less favorable conditioning of the gases inspired. However, the analysis of the semiquantitative scores once more demonstrated no significant difference, not allowing the establishment of a causal relationship among variables. In our previous study 6 , significantly higher tracheal air absolute and relative humidity were verified in dogs exposed to the inhalation of high FGF through a LMA (23 mg H 2 O.L -1 and 80%, respectively) than in those ventilated through an ET (14 mg H 2 O.L -1 and 50%, respectively).
The relative humidity of the gas is also important, even if the absolute humidity was sufficient, a low relative humidity of about 50% dried the secretions and the condensed secretions might stick in the ET of the patients in a critical care unit 15 . Thus, the low relative humidity of the inhaled gas in both groups could to explain the lack of significant differences between the results obtained under SEM in the groups.
Only TEM showed significant differences between Some further limitations of this study need to be discussed. As with any animal model, data cannot be directly transposed to humans. The principal advantage of an animal model is that ensures identical standardized treatments and allows post-mortem histological studies. In the study, we utilized LMA or ET for three hours. However, LMA is usually used for surgery not exceeding 1 -2 hours. This could difficult the extrapolation of our reported results to a realistic clinical scenario. On other hand, the use or a LMA during prolonged surgery is increased 16, 17 .
Conclusion
In comparison with ventilation via an endotracheal tube, the use of a laryngeal mask airway determines less pronounced changes in the tracheal epithelium in dogs exposed to the inhalation of poorly conditioned gases.
